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The involvement of extracellular Ca2+ and Ca2+ influx across the plasma membrane in parathyroid 
hormone (PTH) secretion was investigated in vitro using a new preparation of bovine parathyroid cells. 
Incubation of these cells in the presence of 25 gM or 2.5 pM free ambient Ca2+ induced a maximal rate 
of PTH secretion. Low free Ca2+ secretion is not associated with changes in membrane permeability, 
requires metabolic energy, and is reversible. The Ca2+ channel blocker D600 had no effect on either 4sCa- 
influx or PTH secretion in these cells. These results, showing that extracellular Ca2+ and Ca2+ influx across 
the plasma membrane are not required for PTH secretion by parathyroid cells, emphasize the differences 
in the cellular mechanisms underlying the secretion of PTH vs that of other secretory cells. 
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1. INTRODUCTION 
At variance with many endocrine glands, PTH 
secretion from parathyroid glands has an unusual 
dependence on extracellular Ca’+: lowering the 
ambient [Ca”] within the physiological range 
causes an increase in secretion of PTH both in vivo 
[l] and in vitro [2,3]. The mechanism underlying 
this response is unknown, and may be distinct 
from the secretory process occurring in most other 
endocrine cells, which requires Ca*+ influx and 
elevated cytosolic Ca’+ concentrations to trigger 
exocytosis [4,5]. 
+ Present address: Catedra de Bioquimica, Facultad de 
Medicina, Aude, Sanchez-Pizjuan, No. 4, Sevilla 9, 
Spain 
Abbreviations: PTH, parathyroid hormone; Hepes, 
N-2-hydroxyethylpiperazine-N’-2-ethane sulfonic acid; 
RIA, radioimmunoassay; NaCN, sodium cyanide; BSA. 
bovine serum albumin; EGTA, ethylene glycol- 




The involvement of extracellular Ca2+ in PTH 
secretion was investigated in this communication 
using a newly developed preparation of bovine 
parathyroid cells with enhanced purity, intactness, 
and viability [2]. Experimental protocols leading to 
a dramatic decrease in secretion from other en- 
docrine tissues and cells, such as the absence of 
added Ca2+ in the suspending medium [6-81 or the 
presence of Ca2+-blocking agents [9-l 11, did not 
inhibit the stimulation of PTH secretion in isolated 
parathyroid cells. These findings, unique to 
parathyroid cells, are further indication that the 
stimulus-secretion coupling process underlying 
PTH release is largely different from that common 
to other secretory cells. 
2. MATERIALS AND METHODS 
2.1. Cell isolation procedure 
Freshly isolated bovine parathyroid cells were 
prepared as in [2]. 
2.2. Cell buffers 
The standard cell buffer contained 141 mM 
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NaCI, 5.3 mM KCl, 20 mM Hepes (pH 7.47), 
5 mM glucose, 0.8 mM MgS04, 2 mM CaC12, and 
1% BSA. True concentrations of ionized Ca2+ 
were measured with a Ca2+ electrode, as in [12]. 
An ionized Ca2+ level of 25 pM was present in buf- 
fer containing 1% BSA and no added Ca’+. When 
100 PM NazEGTA was added, 2.5 PM free Ca2+ 
was present. 
2.3. Assays 
(1) Measurement of bovine PTH and cellular pro- 
tein were as in [2]. ‘Basal secretion’ was defined as 
PTH released in buffer containing 2 mM free 
Ca2+, and ‘low calcium-stimulated secretion’ as 
that occurring in 0.8 mM free Ca2+. 
(2) Cellular K+ was measured by atomic absorp- 
tion spectroscopy, as in [2]. 
(3) 4’Ca-uptake was initiated by resuspending cen- 
trifuged parathyroid cells in fresh media at 37°C 
containing 4’Ca2+ (2 pCi/pmol), with other addi- 
tions noted in text. Aliquots (100 ~1) of incubating 
cells were withdrawn and diluted into 6 ml ice-cold 
medium (with 5 mM NazEGTA, without CaCl2 or 
BSA), filtered onto glass fiber filters (Schleicher 
and Schuell no.25), then washed with 9 ml of 
medium. The dried filters were assayed for 45Ca2+ 
content, and uptake was expressed as nmol 
Ca2+/mg cell protein. 
3. RESULTS AND DISCUSSION 
The inverse relationship between PTH release 
and physiological free [Ca2+] in isolated 
parathyroid cells was as in [2]; in fig.lA the 
secretory response in extended ranges of ambient 
Ca2+ is shown. At medium [Ca”] comparable to 
those occurring during hypercalcemia in vivo, 
basal PTH secretion persisted as the secretory 
response became insensitive to further increases in 
extracellular Ca’+. As the external [Ca”] was 
reduced to 0.4-0.6 mM and below, the stimulated 
rate of PTH release reached a maximum and 
plateaued. When parathyroid cells were exposed to 
buffers containing either 2.5 PM or 25 PM free 
Ca2+, maximal stimulation of PTH secretion was 
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Fig.1. Dependence of PTH secretion on an extended range of ambient free [Ca”]. In fig.lA,B, cellular incubations 
were initiated by resuspending parathyroid cells in buffers which contained varying ionized [Ca”+] between 25 pM and 
4 mM, as determined by a Ca ‘+ electrode (section 2). (A) PTH release as a function of the ambient [Ca2+] after 10 min 
incubation at 37°C. The experiment was stopped by centrifugation of the cell suspensions, and the cell-free supernatants 
were stored frozen for subsequent PTH RIA. (B) Rates of PTH secretion in buffers containing 2.5 pM, 25 pM, 0.8 mM 
and 2 mM free Ca’+. Media samples were removed after 10 and 30 min incubation, as in (A). 
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unabated and could be detected within 5 min of in- 
cubation (fig.lB). The stimulation of PTH secre- 
tion by a very low extracellular [Ca*‘] contrasts 
with findings in many other endocrine cells [6-81, 
and is viewed as a first indication that extracellul~ 
Ca2+ influx is not involved in triggering PTH 
release. 
Secretion of PTH in 25 pM Ca*+ is functionally 
similar to that occurring in 0.8 mM Ca*+, and hor- 
mone release under either condition probably oc- 
curs through the same energy-dependent exoeytotic 
mechanism. Fig.2B shows that PTH secretion in 
either 25 FM or 0.8 mM Ca*’ was inhibited by 
-80% when parathyroid cells were suspended in 
glucose-free buffers containing 2 mM NaCN, and 
could be partially restored by readdition of 
glucose. These results show that secretion from 
parathyroid cells in buffers containing 25 pM Ca2+ 
has an apparent dependence on intracellular ATP, 
and can be supported by either glycolysis or ox- 
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idative phosphorylation, similar to other endocrine 
glands [4,133. 
Fig.2A shows that the secretory rate stimulated 
by 25 /IM Ca*+ can be reversed to basal levels by 
addition of Mn*+, a potent suppressor of PTH 
release in this system 121. The percent inhibition of 
PTH secretion caused by either 0.75 or 1.5 mM 
Mn*+ was comparable for parathyroid cells 
suspended in buffers containing either 25 ,uM or 
0.8 mM Ca*+. These results show that PTH secre- 
tion can be turned off, as well as on, in the virtual 
absence of external Ca*+, and emphasize the func- 
tional similarity of PTH secretion in 25 pM Ca2+ 
to that occurring in 0.8 mM Ca’+. 
Stimulus-secretion coupling in a number of 
secretory cells is mediated through membrane 
depolarization [ 14-161, and Ca2+ channel an- 
tagonists inhibit secretion by preventing Ca*+ in- 
flux through voltage-sensitive Ca2+ channels 
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Fig.2 Comparison of PTH release in 25 pM and 0.8 mM Ca2+: effects of Mnzc or NaCN. The inhibitory effects on 
PTH release of either Mn2+ (A) or NaCN (B) were examined. CelluIar incubations were initiated by resuspending 
parathyroid cells in buffers containing either 25 pM or 0.8 mM free Ca’+. Control cell suspensions received no other 
additions. Experimental suspensions contained: (A) in addition either 0.75 or 1.5 mM Mn’+; (B) either 2 mM NaCN 
or 2 mM NaCN without glucose. After 15 min cellular incubation, media aliquots were removed and treated as in fig. 1, 
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Fig.3. Measurements of cell membrane permeability changes during and after exposure to 25 PM Ca2+ buffer. (A) The 
experiment was initiated by resuspending parathyroid cells in buffers containing either 25 PM Ca’+, 0.8 mM Ca’+, or 
0.8 mM Ca’+ with 1OOpM ouabain. Duplicate 50~1 aliquots were withdrawn at successive time intervals for K+ 
determination (section 2) and data points are expressed + SEM. Corrections for K+ in the extracellular space were made 
as in [2]. (B) Parathyroid cells were preincubated at 37°C for 30 min in buffers containing either 25 pM Ca’+ (A), 
0.8 mM Ca*+ (o), or 2.0 mM Ca*+ ( n ). The 3 cell suspensions were then centrifuged and their supernatants aspirated. 
The graph shows their subsequent 45Ca-uptake in 2 mM Ca*+ -buffer. 
resuspending each pellet in 700 ~1 2 mM Ca*+-buffer containing 45 
The experiment was initiated by separately 
Ca (2 &i/pmol). Aliquots (100 ~1) were processed 
at successive time intervals for 45Ca content (section 2). 
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Fig.4. Effect of D600 on PTH secretion and Ca4’ uptake. (A) Rates of basal and low Ca*+-stimulated PTH secretion 
in the presence and absence of 50 pM D600. The experiment was initiated by resuspending centrifuged parathyroid cells 
in either 0.8 mM Ca*+ (0), 0.8 mM Ca*+ and 50 pM D600 (o), 2.0 mM Ca*+ ( q ), or 2.0 mM Ca*+ and 50 PM D600 
( n ). After 20 min cellular incubation, media aliquots were withdrawn and treated as in fig. 1, (B) 45Ca-uptake for cells 
suspended in the same 4 buffers, each containing 45Ca (2 pCi/~mol). 45Ca uptake was initiated by resuspending centri- 
fuged parathyroid cells (2 mg cell protein/tube) in 400 pl of each of the 4 buffers. During a 25 min incubation at 37”C, 
100 pl aliquots were removed and processed for 45Ca content (section 2). 
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feet either basal or low calcium-stimulated PTH 
secretion, or the rates of 4’Ca-uptake into para- 
thyroid cells. Electrophysiological measurements 
showing that the low calcium stimulus causes 
hyperpolarization of the parathyroid cell mem- 
brane [17,18] are compatible with the observation 
that D600 does not affect PTH secretion, and pro- 
vide further evidence that the mechanism of PTH 
secretion does not involve the operation of 
potential-dependent Ca2+ channels. 
Damage to cell membranes caused by exposure 
to low Ca2+ is generally evidenced by non-specific 
increases in the plasma membrane permeability to 
K+ and to Ca2+ [19,20]. For secretory cells, such 
membrane damage may result in hormone release 
which occurs through non-physiological leakage 
rather than exocytosis. Fig.3A shows that 
parathyroid cells in 25 PM Ca2+ maintained their 
intracellular K+ contents at the same value as con- 
trol cells in 0.8 mM Ca2+ during a 30 min incuba- 
tion, in contrast to the rapid loss of intracellular 
K+ from cells incubated in the presence of oua- 
bain. These results, demonstrating the lasting in- 
tegrity of the parathyroid cell membrane in buffers 
virtually devoid of Ca2+, make the possibility of 
hormone leakage unlikely. 
number of other endocrine glands, and indicate 
that PTH secretion is independent of plasma mem- 
brane Ca2+ influx. Further measurements must be 
made to determine the relationship of the cytosolic 
free [Ca?‘] to PTH exocytosis. An increase in the 
cytosolic [Ca”], induced by Ca2+ release from a 
Ca2+-sequestering organelle, remains a possible 
mechanism for triggering PTH secretion. Alter- 
natively, PTH release may be stimulated by a 
decrease in intracellular free Ca2+, opposite to 
other secretory cells. PTH secretion may be 
regulated by other events not necessarily related to 
changes in free cytosolic Ca2+ levels. 
ACKNOWLEDGEMENTS 
Incubation of endocrine cells and tissues in 
Ca2+-free buffer increased the membrane 
permeability of mast cells [21], pancreatic fl cells 
[22], and adrenal chromaffin cells [7] to Ca2+, 
resulting in a massive stimulation of hormone 
release when physiological [Ca2+] were reintroduc- 
ed. Using a similar experimental protocol (fig.3B), 
parathyroid cells were preincubated for 30 min in 
25 PM, 0.8 mM, or 2 mM Ca2+, and subsequently 
each group was resuspended in 2 mM Ca2+ con- 
taining a trace of 45Ca. In the 3 cell suspensions, 
the subsequent rates of 45Ca-uptake and/or ex- 
change were identical, indicating that the Ca2+ flux 
rates across the plasma membrane had not been af- 
fected by the previous incubation conditions. 
Under these same conditions PTH secretion revers- 
ed to basal rates as well (not shown). These results 
show that the permeability of the parathyroid cell 
membrane is unaffected by the absence of Ca2+ in 
the medium, and that the PTH secretory 
mechanism is not irreversibly altered by exposure 
to 25 PM Ca2+ 
We are grateful to Dr Edward M. Brown (Peter 
Bent Brigham Hospital, Boston MA) for guinea 
pig antiserum to PTH (GW-1). This research was 
supported by grant HL-24010 from the National 
Institutes of Health, a fellowship to E.P. from the 
Spanish Ministry of Science and Education, and 
fellowships to J.W. from Institutional grant NIH- 
GM-072929 to the University of Pennsylvania 
(1981-82), and from the American Association of 














Mayer, G.P. and Hurst, J.G. (1978) Endocrinology 
102, 1036-1042. 
Wallace, J.M. and Scarpa, A. (1982) J. Biol. 
Chem. 257, 10613-10616. 
Brown, E.M., Hurwitz, S. and Aurbach, G.D. 
(1976) Endocrinology 99, 1582-1588. 
Baker, P.F. and Knight, D.E. (1981) Philos. Trans. 
R. Sot. Lond. B, Biol. Sci. 296, 83-103. 
Douglas, W.W. (1974) Biochem. Sot. Symp. 39, 
l-28. 
These results emphasize the contrasting nature 
of PTH secretion with hormone release from a 
Hellman, B. (1975) Endocrinology 97, 392-398. 
Douglas, W.W. and Rubin, R.P. (l%l) J. Physiol. 
159, 40-57. 
Douglas, W.W. and Rubin, R.P. (1963) J. Physiol. 
167, 288-310. 
Aguirre, J., Pinto, J.E.B. and Trifaro, J.M. (1977) 
J. Physiol. 269, 371-394. 
Malaisse, W.J.. Devis, G., Pipeleers, D.G. and 
Somers, G. (1976) Diabetologia 12, 77-81. 
Malaisse, W.J., Herchuelz, A., Levy, J. and Sener, 
A. (1977) Biochem. Pharmacol. 26, 735-740. 
January 1983 
87 
Volume 151, number 1 FEBS LETTERS January 1983 
[12] Dubyak, G.R. and Scarpa, A. (1982) J. Mus. Res. [18] Lopez-Barneo, J. and Armstrong, C.M. (1983) 
Cell Motil. 3, 87-112. submitted. 
[13] Douglas, W.W., Ishada, A. and Poisner, A.M. 
(1965) J. Physiol. 181, 753-759. 
[14] Ribalet, B. and Beigelman, P.M. (1981) Am. J. 
Physiol. 241, C59-C67. 
[19] Edmundson, J.W. and Bang, N.U. (1981) Am. J. 
Physiol. 241, C3-C8. 
[15] Ozawa, S. and Kimura, N. (1982) Am. J. Physiol. 
243, E68-E73. 
[20] Montini, J., Bagby, G.J., Burns, A.H. and Spitzer, 
J.J. (1981) Am. J. Physiol. 240, H659-H663. 
[21] Douglas, W.W. and Kagayama, M. (1977) J. 
Physiol. 270, 691-703. 
[16] Ritchie, A.K. (1979) J. Physiol. 286, 541-561. 
[17] Bruce, B.R. and Anderson, N.C. (1979) Am. J. 
Physiol. 236, C15-C21. 
[22] Devis, G., Somers, G. and Malaisse, W.J. (1975) 
Biochem. Biophys. Res. Commun. 67, 525-529. 
88 
